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It has been proposed that the observed diphoton excess at 750 GeV could be explained within the
constrained minimal supersymmetric standard model via resonantly produced stop bound states.
We reanalyze this scenario critically and extend previous work to include the constraints from the
stability of the electroweak vacuum and from the decays of the stoponium into a pair of Higgs
bosons. It is shown that the interesting regions of parameter space with a light stop and Higgs of
the desired mass are ruled out by these constraints. This conclusion is not affected by the presence
of the bound states because the binding energy is usually very small in the regions of parameter
space which can explain the Higgs mass. Thus, this also leads to strong constraints on the diphoton
production cross section which is in general too small.
I. INTRODUCTION
The diphoton excess seen at the LHC at 750 GeV in
the first data set of the 13 TeV run [1, 2] has triggered a
lot of excitement.1 Many different explanations for this
excess have been proposed. In weakly coupled theories
usually a new fundamental scalar with a mass of 750 GeV
is introduced to explain this excess; see, for instance,
Ref. [5] for an overview. One alternative possibility in
weakly coupled theories was pointed out in Ref. [6]: it
was shown that bound states of a pair of colored scalars
or fermions with masses of about 375 GeV can explain
this excess while being in agreement with all other con-
straints from direct searches. Reference [6] finds that the
new particles should have charge 4/3 or 5/3 to have a
sufficiently large diphoton production cross section. This
is based on the assumption that the binding energies are
small enough for the relativistic calculations to hold. In
Ref. [7] it was claimed that the same idea works in the
constrained version of the minimal supersymmetric stan-
dard model (CMSSM): the bound states are formed by
a pair of scalar top partners (stops). In order to be in
agreement with the production rate a large binding en-
ergy was assumed, which causes a large uncertainty on
the production cross section.
The CMSSM is experimentally already extremely chal-
lenged, if not excluded, when including the constraints
for (g − 2)µ [8]. In the perturbatively calculable regions
of the CMSSM, it is well known that light stops can
no longer be obtained when including all existing con-
straints. The main reason for this is the Higgs mass which
∗ dreiner@uni-bonn.de
† mkrauss@th.physik.uni-bonn.de
‡ benjamin.oleary@gmail.com
§ toby@th.physik.uni-bonn.de
¶ florian.staub@cern.ch
1 The data collected in 2016 [3, 4] do not confirm this excess. Com-
bining the 2015 and 2016 data sets, the local significance is re-
duced from ∼ 3−4σ to no more than ∼ 2σ at both ATLAS and
CMS.
is bounded from above at the tree level and which needs
large radiative corrections, mainly from stops. This is
only possible in the case of one light stop eigenstate if a
large mass splitting in the stop sector is present. This
large splitting is severely constrained by bounds from
vacuum stability: if the trilinear coupling is responsible
for enhancing the Higgs mass and for splitting the two
stops, minima in the scalar potential can appear where
charge and color get broken via vacuum expectation val-
ues (VEVs) of the stops. Therefore, we critically rean-
alyze the possibility of explaining the diphoton excess
within the CMSSM when including these constraints.
In this context we also comment on the possibility of
obtaining very large binding energies of the stoponium
which might render both perturbative Higgs mass cal-
culations, as well as standard checks of the vacuum sta-
bility inappropriate. Even if it is questionable that the
changes in the Higgs mass would be so dramatic to be
in agreement with the measurements, there is an even
stronger argument to rule out these parameter regions:
the branching ratio of the stoponium into a pair of Higgs
bosons would be much larger than into a pair of photons.
This article is organised as follows: in Sec. II we briefly
review the vacuum stability constraints in the CMSSM,
in Sec. III we discuss the possible impact of stoponium
bound states, and in Sec. IV we show our main results
based on a numerical check of the vacuum stability in
the CMSSM parameter space with a 375 GeV stop. We
conclude in Sec. V.
II. VACUUM STABILITY CONSTRAINTS ON A
LIGHT STOP IN THE CMSSM
A. The stop mass and vacuum stability
The vacuum stability of the CMSSM was studied in
detail in Ref. [9]. It was found that the minimal stop
mass which can be obtained in the CMSSM and which
has a stable electroweak (EW) vacuum is about 600 GeV
when setting M1/2 = 500 GeV. This value is now already
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2in conflict with the limits from gluino searches, i.e. the
lower bound on the stop mass is even higher. In addi-
tion, this limit does not include the constraint from the
Higgs mass. When adding this constraint, it was found
in Ref. [10] that the minimal stop mass in the CMSSM
with a stable vacuum is already above 800 GeV.
B. The tunneling time
The limits quoted so far on the stop mass only checked
if there is a minimum with nonvanishing stop VEVs
which is deeper than the EW one. Of course, there is
the possibility that the EW vacuum is metastable but
longlived on cosmological time scales. The usual expres-
sion for the decay rate Γ per unit volume for a false vac-
uum is given in [11, 12] as
Γ/vol. = Ae(−B/~)(1 +O(~)) (1)
where A is a factor which depends on eigenvalues of a
functional determinant and B is the bounce action. The
A factor is typically estimated on dimensional grounds,
as it is very complicated to calculate and, because of the
exponentiation of B, is far less important than getting
the bounce action as accurate as possible. A is usually
taken of order the renormalization scale, and one can
feel free to assign an uncertainty of 1 order of magnitude
which would change the lifetime by 4 orders. However,
as we will see, our conclusion about the validity of the
proposed scenario does not depend on this.
B is usually calculated numerically. The most widely
used tool for doing this is CosmoTransitions [13].
In this context one has to keep in mind several ef-
fects which could alter the lifetime as calculated with
CosmoTransitions:
(i) It is not guaranteed that CosmoTransitions al-
ways finds the optimal path for tunneling.
(ii) There might be other directions in the VEVs when
including more scalar fields beyond the Higgs dou-
blets and stops, which could cause a faster decay
of the EW vacuum [9]; for a recent discussion, see
also Ref. [14].
(iii) The inclusion of thermal effects can reduce the like-
lihood that the Universe is still in a metastable but
long-lived vacuum [15].
(iv) Planck suppressed operators can cause a decrease
in the lifetime of the EW vacuum [16, 17].
All of these effects can only decrease the lifetime of the
EW vacuum if it is metastable; thus the resulting limits
are conservative.
C. The vacuum lifetime for very light stops
We show in Fig. 1 for an example CMSSM parameter
point how quickly the EW vacuum lifetime decreases with
increasing |A0| and decreasing stop mass. This point has
a stable EW vacuum for A0 ∼ 5500 GeV which corre-
sponds to a stop mass of 850 GeV. Using as a condition
to have a lifetime of the EW vacuum longer than the
current age of the universe allows one to decrease the
stop mass to about 525 GeV. However, the point with
mt˜1 = 375 GeV has a lifetime of only a fraction of a sec-
ond and is therefore ruled out beyond doubt. Moreover,
we have so far not taken into account thermal correc-
tions to the tunneling process. As soon as we do that, all
points with a stop mass below 700 GeV have a lifetime
much smaller than the age of the universe.
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FIG. 1. The lifetime of the EW vacuum as a function of A0.
The other CMSSM parameters are chosen as m0 = 2750 GeV,
M1/2 = 750 GeV, tanβ = 15, and µ > 0. Also the mass of
the light stop is shown. The black dashed line corresponds to
mt˜1 = 375 GeV while the green line corresponds to a lifetime
of 13.8 billion years.
III. STOP BOUND STATES
A. Estimate of the binding energy
It has been pointed out in Ref. [18] that in the case of
large trilinear couplings the stops can form bound states
(“stoponium”, σt˜) via the exchange of Higgs bosons. A
rough approximation for the mass of the bound state was
given as
MB = 2mt˜1
√√√√1− 1
(16pi)24n2
(
Tt cosα sin 2Θt˜√
2mt˜1
)4
. (2)
Here, Θt˜ and α are the stop and Higgs mixing angles,
respectively, whereas n counts the bound state modes.
One can see from this equation that two conditions are
necessary to have a small mass or a large binding energy
3which can even be of the order of the EW scale: very large
trilinear couplings Tt and a large stop mixing Θt˜ ∼ pi/4.
This was also pointed out in Ref. [19]. The strong depen-
dence on the mixing angle is depicted in Fig. 2. Thus,
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FIG. 2. The binding energy of two stops with mt˜1=375 GeV
for Tt = 3 TeV (solid line), 4 TeV (dashed line), and 5 TeV
(dotted line) as a function of the stop mixing angle Θt.
only for mixing above about 0.3 can the binding energy
be in the multi-GeV range, for Tt of order a few TeV.
That large binding energy would then have some impact
on the study of the vacuum stability and one might need
to take these effects into account. However, for smaller
mixing angles, the binding energy is tiny compared to the
stop mass scale, which is the important scale also for the
tunneling processes. In these cases one can safely expect
that the standard calculations hold.
B. Correlation between the stoponium binding
energy and the light Higgs mass
We can make a rough estimate to see if the binding
energy in the parameter space of interest is expected to
be large. For this purpose we assume the stop mixing
matrix at tree level to be parametrized by
m2t˜ =
(
m2LL mtXt
mtX
∗
t m
2
RR
)
, (3)
where m2LL, m
2
RR are the sums of soft supersymmetry-
breaking F- and D-terms as well as Xt ≡ Tt/Yt−µ cotβ.
For tanβ  1 the first term dominates, and we as-
sume this limit for the following brief discussion. We
will always refer to mass-ordered eigenstates, t˜1(2) being
the lighter (heavier) stop eigenstate. Together with the
well-known expression for the one-loop corrections to the
Higgs mass via (s)tops in the decoupling limit MA MZ
[20–25],
δm2h =
3
2pi2
m4t
v2
[
log
M2S
m2t
+
X2t
M2S
(
1− X
2
t
12M2S
)]
, (4)
with MS =
√
mt˜1mt˜2 , one can express the one-loop cor-
rected Higgs mass as a function of mt˜2 and Θt˜, when fix-
ing the stoponium mass at MB = 750 GeV. For the same
parameters, we also compute the binding energy. The
combined results are shown in the left panel of Fig. 3.
One can see that for light stop masses, mt˜2 , the maximal
enhancement for the Higgs mass appears, as expected,
for maximal stop mixing. However, for heavier stops, a
smaller stop mixing is preferred. One can also see that,
in the interesting region with the largest corrections to
the Higgs mass, the stoponium binding energy is usu-
ally small and often even below the GeV range. Very
large binding energies of order the EW scale only appear
in parameter regions in which the light Higgs would even
become tachyonic, because of huge negative one-loop cor-
rections. Thus, in general one can assume that for pa-
rameter regions which lead to the correct Higgs mass us-
ing the standard calculations, also the standard checks
for the vacuum stability do indeed hold. Moreover, the
production rate can be calculated using the expressions
for a pure QCD bound state; it turns out to be too small
to explain the observed diphoton excess.
C. Strongly coupled stoponium: Di-Higgs decays
These arguments are valid as long as we are situated
in a “normal” environment, where perturbative calcu-
lations hold and the Higgs boson is a pure elementary
particle. Even in the setup of the MSSM, however, it
might be possible to find regions with very large stopo-
nium binding energies. One might argue that one cannot
trust perturbative evaluations of the Higgs mass in the
regions where it gets tachyonic due to the large trilinear
couplings involved and that instead lattice calculations
would be more appropriate for a calculation of mh.
2 In
Fig. 3, we hatch the regions where the perturbative cal-
culation can no longer be trusted, where we have conser-
vatively taken this region to begin at EB = 0.1MB . Let
us assume for the time being that we are in this strongly
coupled phase and that a 125 GeV Higgs mass is possible
with large EB due to Higgs exchange. This immediately
raises the question how important the decay of the stopo-
nium into a pair of Higgs bosons becomes with respect to
the desired diphoton decay, as these regions feature very
large trilinear couplings. Fortunately, all partial widths
scale in the same way with the wave function at the origin
(and therefore with the binding energy); therefore, this
factor drops out when calculating ratios so that solid pre-
dictions can be made. The respective formulas can, for
instance, be taken from Ref. [26]; for earlier work see also
[27]. In the right-hand panel of Fig. 3 we show the result-
ing ratio of Γhh/Γγγ in the same plane as in the left-hand
2 This was actually not the ansatz of Ref. [7], which made use of
the standard Higgs mass calculations.
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FIG. 3. Left: the estimate of the one-loop corrected Higgs mass (colored contours) in the (Θt˜,mt˜2) plane. Right: the ratio of
the partial decay widths of the stoponium into a pair of Higgs bosons (for fixed mh = 125 GeV) and a pair of photons. We
have set MB = 750 GeV, respectively. In both figures, the lines are contours of constant EB/GeV, the black line indicates the
contour where EB reaches 10 % of MB .
panel. Following the outlined argumentation, we assume
here that the perturbative computation does not repro-
duce the correct Higgs mass because of the large trilinear
couplings involved. Therefore, we fix the physical Higgs
mass to 125 GeV in the computation of the branching
ratio in order to obtain the correct decay kinematics in
the entire plane. As expected, the di-Higgs decay rate is
much larger than the diphoton decay rate in the regions
where the binding energy due to Higgs exchange becomes
large, i.e., in regions with large |Xt|. Interestingly, all of
the parameter space which features a tachyonic Higgs,
assuming standard perturbative calculations, has a ratio
of the partial widths Γhh/Γγγ larger than 10
3. For re-
gions where the binding energy reaches a percent of the
bound state mass the partial width ratio is larger than
104.
Let us now compare the results to the experiment. In
Ref. [28], a search for resonant Higgs pair production
in the bb¯bb¯ final state was performed, setting limits of
∼ 12 fb at √s = 8 TeV. Assuming gluon fusion for the
production mechanism of the stoponium and taking the
most conservative best-fit value for the necessary dipho-
ton cross section at
√
s = 13 TeV from Ref. [29], we arrive
at the experimental bound Γhh/Γγγ < 64.
3 This elimi-
nates all of the parameter space where the stoponium has
large binding energy, in clear contradiction to Ref. [7].
3 Other reference values for the diphoton cross section (see, for
instance, Ref. [30]) suggest even more constrained ratios of
Γhh/Γγγ < 42.
D. Stoponium-Higgs mixing
Thus far, we have assumed that the 125 GeV Higgs is
an elementary particle and solely a mixture of the MSSM
fields Hu and Hd. We drop this assumption now in order
to see if this would alter the conclusions of the previ-
ous sections. The situation becomes more complicated
as soon as the stoponium mixes with the Higgs and takes
part in electroweak symmetry breaking through the ac-
quisition of a VEV. Although this situation is highly
disfavored, given the almost perfect agreement of the
Higgs signal strength and coupling measurements with
the Standard Model, let us assume for the sake of ar-
gument that this situation is possible. In this case, the
stoponium is a new scalar degree of freedom in the the-
ory, introducing a new direction in the scalar potential
which is not calculable using perturbative methods. Such
a scenario arises for very large values of |Xt/MS | [31],
corresponding to such a tightly bound state that a lat-
tice calculation is the only reliable technique, as of today.
Unfortunately, these calculations have not yet been per-
formed. However, for our purposes such precise predic-
tions are not necessary as the rough order of magnitude
of the relative partial decay widths into hh and γγ will
not be affected. In particular, the rate into a pair of light
Higgs bosons would still be huge due to the necessarily
large |Xt| values. A conservative estimate would be to
parametrize the two scalar states at 125 and 750 GeV as
Φ125 = h cosφ + σt˜ sinφ and Φ750 = −h sinφ + σt˜ cosφ.
Projecting out only the σt˜ production followed by the
σt˜ → hh decay, the respective partial width roughly
scales as cos6 φ, leading to a suppression of 18 in the
5case of maximal mixing.4 Even allowing for another
order of magnitude uncertainty due to the now unde-
termined VEV structure cannot rescue the points with
EB/MB > 10
−2 from being experimentally excluded. As
a result, the regions in parameter space which could po-
tentially feature a stoponium condensate participating at
EW symmetry breaking, i.e., those regions with binding
energies of the order of the EW scale, are excluded by
many orders of magnitude, far beyond any imaginable
source of uncertainty for the ratio Γhh/Γγγ .
The entire discussion has so far neglected the high-
scale boundary conditions present in the CMSSM. We
find that in regions of parameter space where |Xt/MS | &
15, which is the range where the critical coupling for EW
symmetry breaking through stop condensates is reached
[31], the lightest stau always becomes tachyonic.5
E. The possible stoponium binding energy
We can briefly summarize our discussion of the possi-
ble stoponium binding energy. Very large binding ener-
gies are immediately ruled out by the di-Higgs decay rate.
Consequently, the maximal binding energy of a 750 GeV
stoponium from pure Higgs exchange is less than 1 %.
Therefore, it is of the order of, or smaller than, the typ-
ical binding energy from perturbative QCD [27]. Such a
QCD bound state, as has been discussed in Ref. [7], is
insufficient to produce the required diphoton rate. More-
over, these small binding energies render the usual vac-
uum stability considerations, which involve much higher
scales, fully consistent.
IV. THE CMSSM WITH A 375 GEV STOP
Even though this scenario is already highly disfavored
by a production rate which is too small, we neverthe-
less discuss the impact of vacuum stability constraints in
more detail. The reason is that the calculation of the
production cross section still includes uncertainties, po-
tentially increasing the production cross section such that
the resulting signal is consistent to within 2σ of the ob-
served excess. In addition, one might consider the case
that there are other contributions to the diphoton rate
in the CMSSM-like sbottomium in the large tanβ limit.
Here, we aim to exclude light stoponium bound states
within the CMSSM, independently of the diphoton cross
section, leaving the results also applicable in the cur-
rently more realistic case that the diphoton excess turns
4 This is a very conservative estimate as it only corresponds to the
decay shown in the figure, neglecting all contributions from the
h→ σt˜σt˜ projection as well as the mixed projections.
5 This assumes the standard renormalization group equation eval-
uation, but is also rather robust against deviations in the SM
Yukawa couplings, which could be caused by the stoponium-
Higgs mixing.
out to be a statistical fluctuation. Therefore, we perform
a numerical analysis of the CMSSM in the remaining pa-
rameter space with MB ' 2mt˜1 , where, in contrast to
Fig. 1, the standard calculations reproduce the observed
Higgs mass and the vacuum should be sufficiently sta-
ble. The results we find also apply to the CMSSM pa-
rameter space with light stops in that ballpark which do
not necessarily form bound states. For this purpose we
use a SARAH [32–37] generated SPheno [38, 39] version to
calculate the mass spectrum, including the full one-loop
corrections to the stops and the dominant two-loop cor-
rections to the Higgs states [40, 41]. To check the vac-
uum stability we use Vevacious [42]. Vevacious finds
the global minimum of the one-loop corrected effective
potential and calls CosmoTransitions to calculate the
lifetime if necessary. For our checks we used Vevacious
with the model files for the MSSM with real VEVs for
the neutral Higgs doublets and the two stops which were
also generated by SARAH.
A. Scan of the (m0,M1/2) plane
In order to check if it is possible to have a 375 GeV stop
in the CMSSM with the correct Higgs mass we perform
a scan in the following ranges:
m0 = [1, 3.5] TeV, M1/2 = [0.6, 1.0] TeV,
where we fix both tanβ = 15 and µ > 0. A0 is fit at
each point to ensure a light stop at 375 GeV. For larger
M1/2 values it is not possible to find points with the cor-
rect Higgs mass without going to even larger m0 values.
However, if m0 is too large the performed fixed order
calculation of the Higgs mass suffers from a large uncer-
tainty. We therefore restrict ourself to values within this
range. It turns out that the lifetime of the EW vacuum
quickly drops with increasing M1/2; i.e., this restriction
does not affect the generality of our results. One also ex-
pects that the results are robust against changes of tanβ.
However, for very large tanβ the vacuum stability issue
becomes more severe, due to the possible appearance of
stau and sbottom VEVs. The results are summarized in
Fig. 4.
One can see that the entire region of the parameter
space which is consistent with the Higgs mass measure-
ments and accommodates a light stop has a metastable
vacuum. In this range, the lifetime of the metastable
vacuum is always very short on cosmological time scales.
Moreover, the region with small M1/2 where the life-
time exceeds one second is in conflict with the current
limits from gluino searches which exclude masses up to
∼ 1.8 TeV (see, e.g., Refs. [43, 44] for recent LHC Run-II
results). Thus, even when assigning a generous theoret-
ical error to the lifetime calculation, the conclusion does
not change. Additionally for low M1/2, one can see that
the binding energy of the stoponium lies at most in the
100 MeV range; i.e., this effect cannot have an impact
on the validity of the vacuum stability results. Finally,
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FIG. 4. The lifetime of the EW vacuum in seconds (col-
ored contours) as calculated with the combination SPheno-
Vevacious-CosmoTransitions. For comparison, the age of
the universe is ∼ 4.35 × 1017 s. Between the two green con-
tour lines, the Higgs mass lies in the range 125± 3 GeV. The
stoponium binding energy from Higgs exchange in GeV is
shown as grey dashed contours, while the dark blue contours
indicate the gluino mass in GeV. The line for mg˜ = 1800 GeV
is highlighted, as it roughly corresponds to the current lower
experimental bound on the gluino mass.
because of this small binding energy, the standard cal-
culation of the cross section of stoponium production,
followed by the decay to two photons, is also expected to
be valid in the entire plane. This results in an insufficient
diphoton cross section for the entire (m0,M1/2) plane.
B. Maximal binding energy
The results of the previous section show that both
the binding energies and vacuum lifetimes for particu-
lar combinations of CMSSM parameters are small. Here
we demonstrate that small binding energies are indeed
a generic feature under the assumption of the CMSSM
boundary conditions. Shown in Fig. 5 is the logarithm
of the ratio EB/2mt˜1 as a function of A0 and m0 for
fixed values of M1/2. For each parameter point, (m0, A0),
the largest value of R = log10(EB/2mt˜1) is taken as
tanβ is varied between the values (2, 60) including the
following constraints: (i) m2τ˜R > 0, (ii) m
2
t˜R
> 0, (iii)
mt˜1 > 75 GeV.
6 Regions where these conditions are not
satisfied for any value of tanβ correspond to the hatched
regions. The results of these show that the binding en-
ergy never exceeds 4% of the mass of the bound state.
6 The value of 75 GeV is a rather arbitrary but very conservative
choice. More realistic cuts of 175 GeV to circuvment search
limits, or even 375 GeV, in order to have a bound state of around
750 GeV lead to an even smaller upper limit of R.
The reason being is that large A0 values are required for
sizable binding energies. However, these large A0 values
also enter the renormalization group equations and split
the stop-left and stop-right soft SUSY-breaking masses.
This results in a reduced stop mixing angle. Finally large
A0 values also lead to negative singlet soft masses for the
staus and stops in the case of small M1/2. In general, one
can find for larger tanβ values larger binding energies be-
cause of a smaller mass splitting between mt˜R and mb˜L ,
i.e., larger stop mixing. However, at some points the
staus become tachyonic and prevent a further increase of
tanβ.
C. Proposed benchmark scenarios in literature
In Ref. [7], three benchmark points with a light stop
were proposed, which are consistent with the Higgs mass
and the dark matter relic density. For completeness, we
use our numerical setup to check the stability of these
three points as well. The results are summarized in Ta-
ble I and confirm the previous discussion.
BP1 BP2 BP3
m0 [GeV] 2855 3199 3380
M1/2 [GeV] 755 860 910
tanβ 15 15 15
A0 [GeV] −6405∗ −7205∗ −7620∗
mt˜1 [GeV] 375 425 444
mt˜2 [GeV] 2226 2495 2632
mg˜ [GeV] 1837 2070 2181
mh [GeV] 122 122 122
Tt [GeV] −2960 −3333 −3520
Θt˜ 0.118 0.106 0.101
EB [GeV] 0.108 0.078 0.067
VEW [GeV
4] −9.8× 107 −9.8× 107 −9.7× 107
VCCB [GeV
4] −3.7× 1012 −6.4× 1012 −8.2× 1012
vd, vu [TeV] 0.9, 2.8 1.1, 3.2 1.2, 3.4
vt˜L , vt˜R [TeV] 2.2, −3.0 −2.7, −3.7 2.7, 3.7
τ [s] 2.6× 10−4 5.9× 10−4 3.9× 10−4
TABLE I. The benchmark points proposed by Ref.[7]. VEW
is the depth of the EW vacuum, VCCB the depth of the
global vacuum with the given Higgs and stop VEVs vx (with
x = d, u, t˜L, t˜R). τ is the life-time of the EW vacuum. Note:
we slightly adjusted the input values of A0 in order to get the
same stop masses as given in Ref.[7]. Since SPheno uses dif-
ferent matching conditions than suspect [45] to calculate the
top Yukawa coupling, the running stop mass parameters for
the same input are slightly different. Since we had to decrease
|A0| compared to Ref.[7], the life-time using the original val-
ues would be even shorter.
We see that all three points have a global minimum
where charge and color are broken via stop VEVs in the
TeV range. The depth of color breaking minima is 5 to 6
orders of magnitude deeper than the EW vacuum. This
also explains the very fast decay of the EW vacuum: all
three points have a lifetime which is a tiny fraction of
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FIG. 5. The logarithm of the ratio EB/2mt˜1 as a function of A0 and m0, where tanβ is chosen pointwise to maximize the
logarithm. Note that each panel represents a different choice of M1/2. The hatched regions correspond to parameter space
where the constraints m2τ˜R > 0, m
2
t˜R
> 0 and mt˜1 > 0 are not satisfied.
a second. Thus, one sees that the energy scales which
are important in this calculation are several orders of
magnitude above the binding energy of the stoponium.
Moreover, the calculated tunneling rate is so huge that
not even the assumption of a large uncertainty on the
coefficient A in Eq. (1) could possibly alter the above
conclusion.
V. CONCLUSION
We have critically reviewed the explanation of the
diphoton excess via stop bound states in the CMSSM
as proposed in Ref. [7]. We have discussed that stops in
the CMSSM with masses of 375 GeV cause charge and
color breaking minima. This is in particular the case
when the constraints from the Higgs mass measurement
are included. We have summarized results in the liter-
ature which find that the lower limit on the stop mass
in the CMSSM is about 800 GeV if the electroweak vac-
uum should be stable. These limits are certainly weaker
if the possibility of a metastable but long-lived minimum
is considered. These conclusions are not affected by the
appearance of bound state effects because the binding
energy in the experimentally allowed parameter region is
very small compared to the other relevant scales in the
calculation. In addition, because of this small binding
energy the cross section to produce the diphoton signal
is too small.
The ad hoc assumption of large binding energies which
makes the calculation of the Higgs mass, as well as the
checks for the vacuum stability more difficult is also ruled
out by the much too large decay rate of the stoponium
into a pair of Higgs bosons.
Taking all these effects into account, it is not possible
to explain the diphoton signal in the CMSSM. Whether
the general MSSM would survive, given the excess is con-
firmed, is currently under debate. There is the claim
that it might be possible to obtain a sufficient dipho-
ton cross section in fine-tuned parameter regions of the
MSSM with a large µ term [46]. However, this possibil-
ity also lacks the proof of existence since so far no valid
parameter regions consistent with the constraints from
vacuum stability could be presented.
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